Introduction
The presence of mercury in the environment is a persistent and increasing problem. Since fluorescent lamps, which rely on mercury for their operation, are more energy-efficient than incandescent lamps (Hildenbrand et al., 2000; Thaler et al., 1995) (Battye et al., 1994; Truesdale et al., 1993) NEMA reported that the average mercury content of a 4-foot lamp was 11.6 mg in 1999.
However, it has been found that many fluorescent lamps contain sufficient quantities of mercury to fail the toxicity characteristics for mercury when they are disposed. (EPA, 1998) . In this study, it was not possible to obtain reproducible results from total mercury analysis because Method 7471B specifies a sample size of 0.6 g which is too small to represent the total sample. There-fore, several modifications to Method 7471B were made for total mercury analysis so as to obtain reliable results for the entire weight of the lamp. The mercury analysis of each component of fluorescent lamps is described below. Next, the total volume was adjusted to 100 mL with additional deionized water. The solution was stirred at room temperature for 24 h before analysis by the manual cold vapor method. The lamp glasses were dried under vacuum at room temperature for 4 h without collection of mercury and wrapped with laboratory bench paper and then shattered into 2-3 in. pieces with a hammer. The glass pieces were inserted into the grinder and the lid was closed tightly. The glass was gently pulverized into small particles for 10 min. in order to obtain more homogeneous samples for mercury analyses.
The pulverized particles were collected in a pre-cleaned 300-mL capped vessel. Before analysis, the samples were preserved in a refrigerator at 4 _C. The pulverized glass samples were used for several mercury analysis including TCLP and mercury extraction tests.
The separated aluminum end caps free of phosphor powder from each lamp were weighed and analyzed for mercury using method 7471B. Both end caps were added to a pre-cleaned 300-mL capped-vessel and digested with a mixture of 25 mL of reagent water, 25 mL of aqua regia, and 12.5 mL of potassium permanganate solution, which can be designated as the digestion To analyze the total mercury concentration of the lamp glasses, approximately 50 g of the pulverized glass from each lamp tested in this study and lamp glasses obtained from the recyclers was weighed and placed in a 300-mL capped vessel. The mercury extraction and analysis methods were the same as those of end-caps described above.
Since total mercury concentration of lamp glasses includes both mercury immobilized into phosphor powder attached on the glass, and mercury partitioned to the glass matrices, the following experiments were performed to determine how much mercury was partitioned to the glass matrices. Only spent T12 fluorescent lamps were used for this experiment. About 20 g of the pulverized glass was placed into a 500-mL volumetric flask.
Then, 400 mL of deionized water was poured over the glass sample. The flask was mixed vigorously using a shaker for 18 ± 2 h at room temperature. The supernatant including the phosphor powder was discarded, and this procedure was repeated several times to remove all phosphor powder until the glass samples became transparent. Since mercury concentrations in the entire lamp and washed glass were measured, the mercury concentration in the supernatent was not measured. In order to measure the mercury concentrations of glasses without phosphor powders, these samples were dried at room temperature for 24 h. Raposo et al. (2003) showed that mercury extinction started above 250 _C in the TD (thermal desorption) profile of mercury within a glass sample of a spent fluorescent lamp. This might be caused by a strong linkage of mercury into the matrix of glass. Therefore, the mercury could not be released during the drying step at room temperature for 24 h. Samples were weighed again and placed in a 300-mL capped vessel. As described previously, these samples were digested with the digestion mixture. The mercury extraction procedure and analysis were the same as the previous experimental procedure of mercury analysis for glass.
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